The preparation of purified antigenic materials from cultures of Eberthella typhosa (1, 2) has demonstrated that substances of relative purity, and high antigenic and toxic activity, may be isolated for study. In investigations utilizing a synthetic medium for the culture of E. typhosa (3) , which eliminates the possibility of non-specific contaminating materials (derived from the culture medium), a toxic, antigenic material has been isolated which has been extensively studied. This material acts as a complete antigen, giving rise to the formation of agglutinins (4), precipitins (4) , bactericidal antibodies (5) , and mouse-protective antibody (6) . Possessing marked toxicity, it kills mice, rabbits, and guinea pigs with relatively small doses (4) . A study of the tissues obtained from animals receiving intravascular injections of the material has shown pathological changes involving the heart muscle, lung, liver, spleen, bone marrow, and vascular bed (7) . On intravenous injection in rabbits, the material induces a pronounced leukopenia and a marked temperature rise (4) . Because of these properties it was desired to determine, insofar as possible, whether the material might exhibit similar effects following intravenous injection into patients for the purpose of inducing therapeutic febrile reactions.
MATERIALS AND METHODS
Preparation of antigen Following the technique previously described (3, 4) involving repeated precipitations with alcohol and resuspension in water, an antigenic material was obtained from cultures of E. typhosa grown in a liquid medium which consisted only of ingredients removable by dialysis (3) . The material which contained the 0 and Vi antigens possessed all the properties exhibited by that previously studied (4) . The Methods of administration The patients selected for this study represented 11 cases of asymptomatic neurosyphilis, and 1 normal person.
The group included 7 males and 5 females. The inijections were administered intravenously into the median basilic vein. Observations on temperature, pulse, and respiration were recorded at hourly intervals.
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Hematological determinations
At hourly intervals after the injections, total and differential leukocyte counts were made on capillary blood obtained from a finger. At certain intervals, erythrocyte counts and hemoglobin (Sahli) determinations were carried out. On several patients, repeated determinations of the sedimentation rate were made, using 15 (8) , urea nitrogen determinations were obtained by the method of Karr (9) , and creatinine by the technique of Folin and Wu (10) . Blood glucose values were obtained using the method of Folin and Wu (11) , chlorides by that of Whitehorn (12) , and the carbon dioxide combining power of the plasma by the technique' of Van Slyke and Cullen (13) . Throughout the 12 hours of experiment, the patients received only water. 589
Agglutinins At certain periods, serum was obtained from the patients just before the subsequent injection, and its titer of antibody measured by agglutination, precipitation and bactericidal tests. Alcohol treated bacterial suspensions of E. typhosa strain 0901, and serial dilutions of the serum in a macroscopic test, were used to measure the titer of 0 agglutinins. H agglutinins were assayed by means of a suspension of the H901 strain of E. typhosa to which 0.2 per cent formalin was added. A rough strain of E. typhosa containing the Vi antigen was used in a saline suspension to test for the presence of Vi agglutinins. These tests were read after incubation for 2 hours at 370 C. and after remaining overnight in the refrigerator.
The titers were recorded as the highest dilution producing a ++ + reaction in a series graded from + to ++++.
Precipitins
These tests were carried out by the ring technic. Undiluted serum was placed in a series of tubes over which were layered dilutions of the antigen in saline. The tests were read after 1 hour at room temperature (20 to 240 C.).
Bactericidal antibodies
The determinations of bactericidal antibody were made by means of a technique previously described (5) in which measured amounts of the serum dilutions, diluted broth culture of the strain of E. typhosa from which the antigen was prepared, and 0.25 cc. of diluted guinea pig serum were added to a series of small Pyrex glass tubes. After these tubes were sealed in an oxygen-gas flame, they were placed at 370 C. in a rotating device which turned at the rate of 7 to 8 revolutions per hour. Twentyfour hours later the contents of the tubes were distributed over the surfaces of infusion agar plates, which were then incubated at 370 C. for 48 hours. The titer was taken as the highest dilution which killed all of the organisms added to the tube. In each experiment, suitable controls were included to reveal any inhibition of bacterial growth alone attributable to the antiserum or the diluted guinea pig serum. For each patient, the bactericidal tests performed-'on the 2 serum samples were carried out simultaneously to avoid differences due to variations in the materials used, i.e., complement and bacterial culture. Because previous experiments with animals had shown that the antigen was toxic in very small amounts (4) , the small initial dose of 0.0001 mgm. of antigen in 1 cc. of saline was administered. Following this injection, a rise in rectal temperature to levels varying from 100.2 to 101.80 F. oc- (Table I) .
Systemic reactions following injections
When an effective dose was administered, the symptoms elicited were quite uniform. Within 30 to 40 minutes following the injection, the patient experienced a chilly sensation which culminated in a definite rigor of varying intensity which lasted from 25 to 35 minutes. This was followed by generalized aching sensations, which at times were accompanied by localizationt of pain in some part of the body such as the head, legs, or back. Nausea and occasional vomiting also accompanied these symptoms. Within the first hour, the temperature rose above 1000 F., reaching its fastigium in 2 to 3 hours and falling to 1000 F., or less, within 7 to 8 hours. The pulse and respiration showed a corresponding rise. A typical temperature curve is presented in Figure 1 .
Perspiration made its appearance during the height of the fever and continued for 2 or 3 hours.
This was followed by a feeling of fatigue, exhaustion and a diminution in the intensity of the other symptoms.
3. Alterations in the cellular components of the blood following injection a. Total leukocyte counts. The total leukocyte count followed a characteristic pattern in part dependent on the amount of antigen administered. With an effective dose, a definite fall in the leukocyte count occurred during the first 2 hours. The degree of leukopenia was proportional to the amount of antigen injected. Again with repeated-injections, as in the case of the febrile reaction, larger amounts of antigen were required to produce a leukopenia of the same degree. A representative protocol is presented in Table IL. Following the leukopenia, a gradual increase in the number of leukocytes occurred until the count returned to its normal level after 3 to 4 hours. Subsequently, a leukocytosis was observed within 9 to 12 hours ( Figure 1 ). The count then decreased until the normal level was again reached. The time required for the development of leukocytosis and subsequent return to the normal state appeared to be proportional to the dosage. Total white counts of 30,000 per mm.8, or higher, were not uncommon, and some values as high as 67,000 per mm.8 were obtained. When such pronounced leukocytosis occurred, the return to a normal level required a longer time interval (Table II) (Table  III) . With the larger doses of antigen, the reaction was accompanied with a more marked leukocytosis and a correspondingly higher stab cell count.
The segmented cells showed a definite decrease during the first hour which was roughly proportional to the degree of leukopenia (Figure 1 ). This was followed by an hourly increase which more or less paralleled the total leukocyte count, with the highest values for segmented cells being attained in 8 to 15 hours during the height of the leukocytosis. The restitution to normal levels was more rapid than that in the case of the stab cells, but was influenced by the same factors.
Both stab and segmented forms revealed toxic granulation of the cytoplasm which was more marked with larger amounts of the antigen. The preponderance of the stab cells was similar to that seen in the blood picture of patients with typhoid fever (14) .
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from the finger and oxalated blood obtained from (15) . In addition to the other determinations, the volume of packed cells was followed throughout the paroxysm in order to detect any changes due to fluid loss produced by the perspiration and vomiting. No significant alterations were observed. However, patients were allowed to partake of fluids at will, though the fluid intake was usually minimal because of the nausea so frequently present. The sedimentation rate of the erythrocytes was followed during the period of observation of the patients and particularly during the administration of the antigen. Following the initial administration of antigen, the sedimentation rate rose appreciably. This elevation was maintained and often increased by subsequent administration. Starting with an elevated rate, little or no variation was noted in the rate, by hourly determinations during the paroxysm. Data typical of the series are presented in Table IV. 4. Chemical changes in the blood In summarizing the changes in the chemical constituents of the blood, it may be said that there was a slight to moderate immediate reduction in the values of blood glucose and a subsequent rise in 5 to 7 hours to levels above the initial values, in most cases. The patients showed some reduction in the values for blood chlorides and in the carbon dioxide combining power of the plasma. These data are summarized in Table V . There were no significant variations in the values for total protein, urea nitrogen, or creatinine.
5. Imm.unologic responses to the injections 0 agglutinins were demonstrable as early as the 5th day after the initial injection, and reached their maximum titer at about the end of the 2nd week (Figure 2 7 . In several instances in which the sera of patients were retested 6 weeks after the last injection of antigen, only a small decrease in the titer was noted. Vi agglutinins were present in most instances. H agglutinins were not detected.
The precipitin titers were performed at less frequent intervals but bore evidence to a good antigenic response by attaining values which ranged from 1: 10,000 and 1: 100,000 dilutions of antigen (Table VI) .
Since previous experiments (5) had indicated that the intravenous injection of the antigen resulted in the formation of bactericidal antibodies for E. typhosa, the sera of patients were tested for their presence. Progressive development of high titers was demonstrated (Table VI) . Figure 3 presents a correlation of these various antibody titrations with the dosage of antigen administered in case 7. The evidence presented demonstrates that the effects produced by the antigenic material, on intravenous administration to patients, are the same as those previously reported following its administration to animals (4), in respect to the development of fever, leukopenia, and immunologic responses as measured by the production of agglutinins, precipitins, and bactericidal antibodies.
The reactions to the injection of this antigen are similar to those produced in patients by the intravenous injection of typhoid bacilli (16, 17) . The effective dose in man proved to be considerably smaller than in animals, since 0.0001 mgm. gave an initial response, whereas 0.01 to 0.05 mgm.
represented the usual, initial, effective dose for rabbits (4 it is released during the growth of the typhoid bacillus again suggests that it might be related to the development of certain clinical manifestations of typhoid fever in patients, as was earlier postulated (4) on the basis of the animal experiments. The most striking changes noted in the studies of the blood were the alterations in the total and differential leukocyte counts. The leukopenia which developed in patients following adequate dosage was due almost entirely to a decrease in the number of polymorphonuclear leukocytes (Figure 1) . The subsequent return of the leukocyte count to normal levels and the later development of a leukocytosis was due largely to a release of young polymorphonuclear leukocytes from the bone marrow.
The mechanism of the production of the leukopenia following the intravenous injection of typhoid bacilli in animals and man is a controversial matter. The conflicting theories and their supporting evidence have been summarized by Garrey and Bryan (18) who discuss the possibility that the leukocytes are trapped in the vascular bed of internal organs, as opposed to the view that the leukopenia may be due to the destruction of these cells. The results of several investigations (18) give evidence for such accumulation of polymorphonuclear leukocytes within the vessels of the lung, spleen, and other organs of animals, following the intravenous injection of typhoid bacilli or toxic filtrates derived from cultures of E. typhosa. These observations are in contrast to the earlier findings of Pepper and Miller (19) (16) and Perera (17) who studied the changes in the leukocyte count following the intravenous injection of typhoid vaccine into patients. Both of these authors report a "shift to the left" in the differential polymorphonuclear leukocyte counts during the leukocytosis, which suggests that the leukocytosis is due to a release of young cells from the bone marrow. The striking increase in the numbers of stab forms of polymorphonuclear leukocytes, demonstrated in these experiments at a time when the leukocyte count had increased only to normal levels, indicates that this return to normal was not due to a release of adult cells that had been trapped in internal organs, but rather to an increased activity of the bone marrow, comparable to that previously described in animals that received injections of the antigenic material (7) . Moreover, the recent experiments of Dennis and Senekjian (20) , which show that a similar antigenic material isolated from cultures of E. typhosa has a selective destructive action on polymorphonuclear leukocytes when added to human blood in vitro, further support the hypothesis that these substances produce the leukopenia, at least in part, by the destruction of polymorphonuclear leukocytes.
The blood picture following the injection of this antigenic material is similar to that described by Schilling (14) in patients with typhoid fever, with its neutropenia, increased number of stab cells, and absence of eosinophiles.
The failure of the injection of this material to affect appreciably most of the chemical constituents of the blood is in agreement with the data of Perera (17) . The tendency for the blood sugar to rise is similar to the observations by Delafield (21) that somatic antigens of the Salmonella group produce a hyperglycemia in animals.
The immunologic responses of the patients to the injection of the antigen reveal that' it has high potency as an antigenic agent and suggests that it might be of use in immunization. Studies are now in progress on a group of volunteers to elucidate this property, and preliminary results (6) indicate that the material will prove of value. Again, as in the earlier experiments utilizing rabbits (4), it is suggested that a high titer of circulating antibody is not correlated with resistance to the toxic effect of the antigen, as larger doses produced toxic effects in the presence of very high antibody titers (Table I) . A certain degree of resistance to the toxicity of the antigen developed following consecutive administration but injections made several months later, as in the case of patient 6, produced febrile reactions of considerable intensity at a time when the blood serum showed a significant titer of agglutinins. The significance of this observation that circulating antibody cannot be correlated with the resistance to toxicity has been previously discussed in detail with regard to the experiments utilizing rabbits (4). These observations may, in part at least, account for the seemingly paradoxical fact that symptoms of toxemia in typhoid fever persist in the presence of circulating antibody whether this be naturally present or introduced through the administration of antiserum.
SUMMARY
1. An antigenic material prepared from cultures of E. typhosa grown in a synthetic medium produced chills, fever, perspiration, and muscular aching, following the intravenous injection of minute amounts in man. The severity of the reaction was dependent on the amount of material administered. With consecutive injections, larger doses were required to produce similar systemic reactions, indicating a tolerance to its toxicity.
2. The injection of the material was followed by the development of a leukopenia which was almost entirely due to a decrease in the numbers of polymorphonuclear leukocytes in the capillary blood. This leukopenia was followed by a return of the leukocytes to normal levels, and by a subsequent leukocytosis in which the number of stab cells was markedly increased.
3. ,No marked changes were observed in determinations of total protein, urea nitrogen, creatinine, chloride, glucose, and carbon dioxide combining power of the blood, during and in the several hours following the reaction. The sedimentation rate of the erythrocytes rose after injections. 4 . Serological tests, following repeated injections, revealed the production of high titers of agglutinins, precipitins, and bactericidal antibodies, which then remained at high levels for considerable periods of time. The titer of the circulating antibody did not seem to be closely related to the development of tolerance to the toxicity of the antigen.
5. The possible relationship of these findings to certain of the manifestations of typhoid fever are discussed.
